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Habitat  preference  of  eagle  owls  Bubo  bubo  were  examined  through   comparing 
habitat  composition  around  51 occupied cliffs and 36 non-occupied  cliffs in Alicante 
(E Spain). We employed Generalized Linear Models to examine patterns  of habitat 
preference  at  three  different  spatial  scales: nest site (7 km2),  home  range  (25 km2), 
and landscape (100 km2). At the nest site scale, occupied cliffs were more rugged, had 
a greater proportion of forest surface in the surroundings, and were further  from the 
nearest  paved  road  than  unoccupied  cliffs. Additionally, probability of  having  an 
occupied  cliff increased  when there  was another  occupied  territory  in the surround- 
ings.  At  both  the  home  range  scale and  the  landscape  scale, high  probabilities   of 
presence of eagle owls were related to high percentages of Mediterranean scrubland 
around  the cliffs, which are the preferred habitat  of European rabbits Oryctolagus 
cuniculus, the  main  prey  of the  owls. We suggest  a  hierarchical  process  of habitat 
selection in the eagle owl concerning  suitable trophic  resources at the broadest  scales 
and adequate  sites for breeding and roosting  at the smallest scale. However, it should 
be  noted  that  some  structural features  such  as  the  proximity  of  roads  were  not 
necessarily  avoided  by  the  owls,  but  their  presence  were  possibly  constrained  by 
systematic  killing of individuals.  Our  paper  provides  new evidence for  the  require- 
ment of multi-scale approaches to gain insight into both  the different limiting factors 
for  the  persistence  of  populations  and  the  role  of  individual   perception   of  the 
environment in the evolution  of habitat  selection. 
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In recent decades, considerable  attention has focused on 
determining  the  ways in which birds  select the habitat 
from the different options available, usually by determin- 
ing patterns  of habitat  preference for breeding sites (e.g. 
Belthoff and Ritchison  1990, Sieg and Becker 1990, 
Martı´nez  et al. 1999), foraging areas (e.g. Redpath 1995, 
Rotenberry and Wiens 1998, Tella et al. 1998) or by 
assessing the influence of habitat  composition  on popu- 
lation density at the landscape level (e.g. Sa´ nchez-Zapata 
and Calvo 1999, Carrete  et al. 2000). However,  habitat 
selection (i.e. the process involving behavioural decisions 
made by an animal about what habitat  it would use) and 
habitat  preference (i.e. the final pattern  of habitat  used 
with respect to its availability) have been usually con- 
founded  in the literature  (Hall et al. 1997, Jones 2001). 
This distinction is important because while in some cases 
the current pattern  of distribution may reflect accurately 
the  process   of  selection   involved,   in  others   current 
habitat  preference may not correspond completely with 
the distribution of suitable resources for the species (see 
Wiens 1989). Nonetheless,  since habitat  preference is at 
least in part a consequence of a past or ongoing process 
of habitat  selection, it is often the only alternative to gain 
insight into  habitat  selection processes. 
 
 
   
On the other hand, studies considering multi-scale 
approaches to  the  study  of  habitat   selection  are  still 
scarce  (e.g.  Kotliar   and  Wiens  1989,  Sa´ nchez-Zapata 
1999, Hall  and  Mannan 1999, Penteriani  et al. 2001a), 
although  the choice of a suitable habitat  is probably  the 
result of the integration of different essential patches 
satisfying all the requirements  of the individuals (Orians 
and  Wittenberger   1991). The  multi-scale  approach to 
the study of habitat  selection is mostly based on the 
conceptual   framework   suggested  by  Johnson   (1980), 
whose basic assumption is that  animals  are capable  of 
making  decisions  regarding   resources  (food,  breeding 
sites)  at  consecutively  smaller  scales  (see  also  Hutto 
1985,  Block  and   Brennan   1993).  Therefore,   general 
habitat  selection may follow a spatially based hierarchy 
regarding,  for example, a suitable patch  for breeding at 
a small scale and appropriate areas for foraging at a 
broader  scale. Because large birds usually need different 
patches  for breeding and foraging and can fly long 
distances,  multi-scale  analyses  may  be specially useful 
to identify different key factors involved in habitat 
preference.  In  addition,  a  multi-scale  approach  allows 
one to identify relevant scales concerning individual 
perception  of the landscape,  otherwise difficult to select 
when a detailed  knowledge  of the behavioural  ecology 
of the  studied  organism  is not  available.  For  this  rea- 
son, in habitat  preference studies the scale is usually 
arbitrarily set by researchers,  or  it is not  justified (e.g. 
Bustamante  1997,  Sela˚ s  1997,  Penteriani   and  Faivre 
1997,  Man˜ osa  et  al.  1998,  Ontiveros   1999,  Sa´ nchez- 
Zapata  and Calvo 1999, Martı´nez  et al. 1999), thus not 
fulfilling Johnson’s  rationale  (1980). 
The Eurasian  eagle owl Bubo bubo is the largest 
nocturnal bird of prey inhabiting  Eurasia.  It is a top 
predator preying upon a wide range of animal species 
including  several  game-species  such  as  the  European 
rabbit   Oryctolagus  cuniculus  in  Mediterranean  areas 
(Dona´ zar  et al.  1989, Serrano  1998, 2000). Eagle  owl 
populations have declined markedly  in the last decades, 
although   there  have  been  widespread  increases  in  its 
range of distribution in recent years (Tucker and Heath 
1994).  In  Spain,   small  game  management   generates 
income   for   hunting   states,   and   hunters   claim   that 
predators  are  responsible  for  reducing  hunting   bags. 
Thus,   top  predators  are  heavily  persecuted   in  some 
areas. For  instance, in Alicante (SE Spain) we recorded 
over 1000 birds of prey and owls as shooting  casualties 
in the  period  between  1984 and  2000 (Martı´nez  et al. 
1996a, 2001) in spite of legal protection. Hunters  fre- 
quently   organise   hunting   parties   to   shoot   Eurasian 
eagle  owls,  resulting   in  a  minimum   201  casualties, 
mostly first to third calendar-year birds (Bermejo 2000). 
Since relationships between declining hunting  bags and 
raptor persecution may also have a strong habitat 
component  (Thirgood    et   al.   2000),   managers    will 
benefit from assessing the role of different  environmen- 
tal constrains that may influence the probability of 
settlement  of top  predators. 
The aims of this study were: 1) to identify environ- 
mental features affecting habitat  preference of breeding 
eagle owls at three different scales, i.e. nest site, home 
range,  and  landscape  2) to assess the relative contribu- 
tion of these different variables at each scale in order to 
ascertain  an individual  bird’s perception  of the environ- 
ment,  and  3)  to  infer  how  the  observed   pattern   of 
habitat   preference  reflect  the  decision-making   process 
of individual  choice in our  study  area. 
 
 
 
Methods 
 
Study area 
 
The study area covered over of the province of Alicante 
(3200 km2  between 38°40' – 38°00'N and 1°00' – 0°00'W). 
The climate slightly varies from semi-arid meso-Med- 
iterranean in the south to sub-humid  Mediterranean 
towards  the  north.   Average  annual  rainfall  is ca  400 
mm, and annual  average temperature is ca 19°C. The 
northern part  of the province  is rugged,  dominated  by 
dry cultivated  fields, mainly  almond  Prunus amygdalus 
and   olive  trees  Olea  europaea,  scrubland   and   small 
Aleppo pine Pinus halepensis forests. The south is much 
less rugged, and landscape is dominated  by dry and 
irrigated  fields, mainly  vineyards  and  citrics,  and 
scrubland. 
 
 
 
Censuses 
 
We located  Eurasian  eagle owls every year from  Octo- 
ber to July between 1995 and 1999 using a variety of 
methods:  listening to spontaneous vocalisations,  listen- 
ing to begging nestlings, and walking ridges looking for 
nests and food remains. Every territory  was visited at a 
minimum  of four times at different  stages of the breed- 
ing cycle to ascertain  if they were consistently  occupied 
(Olsson 1997). In order to study spatial distribution 
patterns  we used the  additive  survey method  (Newton 
1991). For  our analysis, habitat  composition  around  51 
occupied cliffs was compared  with that  of 36 non-occu- 
pied but  apparently suitable  cliffs. 
 
 
 
Selection of scales and variables 
 
A  cliff  was  considered   as  suitable  for  nesting  when 
there were suitable  cavities and  it was higher than  4 m 
according  to  general  preferences  of  eagle  owls  in  the 
study area  (unpubl.).  Under  this conservative  criterion, 
cliff availability  is high in the study area,  and cliffs are 
distributed    almost   contiguously   over   the   landscape 
(Anon.  1997). 
We used three different scales to study habitat  use of 
eagle owls: a) Nest  site scale (7 km2   around  the cliffs). 
   
This area  was chosen because 92% of the observations 
(n = 225)  of  hooting   eagle  owls  a  few  weeks  before 
laying were encompassed by a circle of 1.5 km radius 
around  the points where owls were frequently heard 
(hereafter,  centres  of activity).  Furthermore, all of the 
16 nests  found  in  this  study  were  located  within  this 
radius,  as  well as  most  of  the  plucking  and  roosting 
places.  Although  the  owls can  hoot  several kilometres 
away from the nests (Ruiz-Martı´nez et al. 1996), the 
frequency  of  use  of  perches  from  which  owls  hooted 
was a good estimator  of the location  of the nests. Thus, 
the 7 km2   areas  around  centres of activity are likely to 
represent   the  nesting  habitats   in  the  study  area.   b) 
Home  range  scale  (25  km2    around   the  cliffs). It  has 
been suggested that  eagle owls hunt  mainly in areas  of 
10 – 20  km2     (Haller   1978,  Mikkola   1983),  although 
telemetry  studies  showed  that  their  territories  may  be 
larger (Dalbeck et al. 1998). Thus, we conservatively 
assumed home ranges to be 25 km2  (radius of 2.8 km 
around  the centre  of activity).  c) Landscape  scale (100 
km2    around   the  cliffs).  Since  landscape   ecology  ad- 
dresses  the  relationships  between  animal  distribution 
and mosaics of ecosystems (Forman and Gordon 1986), 
we tested for a possible response of the owls to habitat 
composition  at  a larger  landscape  level (Sa´ nchez-Zap- 
ata and Calvo 1999). Thus, we chose a radius of 5.6 km 
around  centres of activity because in Alicante it is likely 
to  find  substantial   changes  in  landscape  composition 
within  this  radius  from  the  cliffs used  by  eagle  owls 
(Anon.  1997). 
We  selected  19  environmental  variables  related  to 
topography, human  influence and  land  use (Appendix 
1). These variables  were used because  they  can poten- 
tially  influence  the  presence  and  abundance   of  eagle 
owls  (Dona´ zar  1988,  Sa´ nchez-Zapata 1999,  Martı´nez 
and Calvo 2000). Notice that the presence of another 
territory within the selected radius at each scale was 
included in the analyses to test whether some kind of 
conspecific interaction is influencing the presence of the 
species. 
 
 
 
Analytical procedures 
 
We used  Generalised  Linear  Models  (GLMs,  McCul- 
lagh and Nelder 1989) to obtain a mathematical de- 
scription  of habitat  selection  by owls in an attempt  to 
avoid covariance  of explanatory variables. GLMs  allow 
for the use of appropriate error  formulations from  the 
exponential  family distributions avoiding  restrictions  of 
traditional  regression   models.   A  Generalised   Linear 
Model consists of the following components: a linear 
predictor,  an  error  function  and  a  link  function.  The 
linear  predictor  (LP) is defined as: 
 
 
LP = a + bx1 + cx2 + ··· 
where  a  is  the  intercept,   b,  c …  are  the  parameter 
estimates  to  be obtained  from  the  observed  data,  and 
x1, x2, … are the explanatory variables.  The error  and 
link functions depend on the nature of the data. We 
conducted three separate GLMs for the environmental 
description  of data.  Since the presence of eagle owls (a 
binary response variable: 1 = presence, 0 = absence) fol- 
lows a binomial  distribution, a logit link function  was 
used (e.g. Dona´ zar et al. 1993, Bustamante 1997). Each 
explanatory variable and all possible interactions  were 
fitted to  the  observations using the  GENMOD  proce- 
dure of SAS package (Anon. 1996). Each variable was 
tested for significance in turn, retaining those that 
contributed to  the  largest  significant  change  in  devi- 
ance.  Only  those  variables  significant  at  the  1% level 
were included in the models (Nicholls 1989). Quadratic 
and  cubic  functions  were also  tested  to  ensure  that  a 
higher  order  polynomial  did  not  improve  the  models. 
We  corrected  for  overdispersion   when  necessary.  The 
best  models  were selected by likelihood  ratio  tests  for 
type I analysis (Anon. 1996). Finally, Kappa  statistics 
(Titus et al. 1984) allowed us to test whether model 
discrimination significantly improved chance 
classifications. 
 
 
 
Results 
 
Habitat preference at the 7 km2  scale 
 
The habitat  model at this spatial  scale explained 57.2% 
of  the  original  deviance  (Fig.  1). This  model  showed 
that   the  probability  of  finding  an  occupied  cliff  in- 
creased with irregular  topography and with the amount 
of  forest  cover,  while it  decreased  with  the  extent  of 
paved roads  around  the cliffs (Table 1). Additionally, it 
showed that this probability increased when there was 
another  occupied  cliff within  the  1.5 km  radius.  This 
model  classified correctly  88.2% of the  occupied  cliffs 
and  91.7% of the  unoccupied  cliffs. This  classification 
was  79.9%  better  than  chance  (Kappa   test,  Z = 7.23, 
p < 0.0001). Relief was the most  important variable  at 
this scale, accounting  for 49.1% of the explained  devi- 
ance  (Fig.   1).  It  alone   classified  correctly   100%  of 
occupied  cliffs, but  only 27.8% of the sites where eagle 
owls were absent. 
 
 
 
Habitat preference at the 25 km2  scale 
 
The probability of having an occupied cliff at this scale 
accounted  for  91.7% of the  original  deviance  (Fig.  1). 
This  model  predicted  high  probabilities  of presence  of 
owls in cliffs with  high  percentages  of surface  covered 
by scrubland  around  them and situated  at higher mini- 
mum  altitudes  above  sea  level (Table  2). This  second 
model  classified correctly  97.2% of occupied  cliffs and 
   
 
 
Fig. 1. Percentage of deviance explained at 
three  spatial  scales (7, 25 and  100 km2)  by 
the Generalized  Linear  Models. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1.  Generalized  Linear Model (GLM)  for probability of presence of Eurasian  eagle owls at the 7 km2  scale, using binomial 
error  and  logistic link. 
 
Parameter Estimate  Standard error  z2  p 
 
Intercept  26.3320 0.8600 
Relief 0.0816 
Metres  of paved  roads  −0.0005 
0.0196 53.86 
0.0001 25.06 
0.0001 
0.0001 
Neighbours  27.7056 0.0000 19.59 0.0001 
Forest  0.0541 
Residual  deviance  50.4540 
0.0207 11.28 0.0008 
 
 
Table  2.  Generalized  Linear  Model  (GLM)  for  probability of  presence  of  Eurasian   eagle  owls  at  the  25 km2    scale,  using 
binomial  error  and  logistic link. 
 
Parameter Estimate  Standard error  z2  p 
 
Intercept  −11.0226 1.6739 
Scrubland  0.1579 0.0235 714.44 
 
 
0.0001 
Minimum  altitude  above  sea level 0.0648 
Residual  deviance  9.8206 
0.0105 210.93 0.0001 
 
 
98.0%  of  unoccupied   cliffs,  this   classification   being 
95.3% better  than  chance  (Kappa   test,  Z = 8.62,  p < 
0.0001). Scrubland alone accounted for 77.2% of the 
explained  deviance at this scale. 
 
 
Habitat preference at the 100 km2  scale 
 
For   this  scale,  we  obtained   a  model  accounting   for 
25.97% of the original  deviance (Fig. 1). Two explana- 
tory   variables   entered   significantly   into   this   GLM, 
again  predicting  high probabilities  of presence of eagle 
owls in cliffs with high percentages  of scrubland  cover, 
and at low minimum altitudes above sea level (Table 3). 
The GLM  at this scale correctly classified 88.2% of 
occupied cliffs and 83.3% of unoccupied  cliffs, this 
classification  being  71.5%  better  than  chance  (Kappa 
test, Z = 6.48, p < 0.0001). 
 
 
 
Discussion 
 
Distribution of raptors  may be the result of a wide set 
of  interacting  variables  (e.g. Potapov   1997), therefore 
some caution  is needed when establishing causal rela- 
tionships   between  bird  distribution  and  habitat   vari- 
ables selected on statistical grounds  (Austin et al. 1996). 
 
Table  3.  Generalized  Linear  Model  (GLM)  for  probability of  presence  of  Eurasian  eagle owls at  the  100 km2   scale, using 
binomial  error  and  logistic link. 
 
Parameter 
 
Estimate  Standard error  z2  p 
 
Intercept 
 
−1.1616 0.5091 
Scrubland 0.0645 0.0149 24.05 0.0001 
Minimum  altitude  above  sea level −0.0032 0.0013 6.60 0.0102 
Residual  deviance 87.3602 
   
However, our models including habitat features at three 
scales were good predictors of Eurasian  eagle owls’ 
presence in our  study  area,  suggesting that  the pattern 
of  habitat   preference  results  from  a  scale-dependent 
habitat  selection process. 
The  model  at  the  7 km2   scale shows  that  the  owls 
used nesting areas based mainly on topographic irregu- 
larity, as previously stated in other Mediterranean areas 
(Dona´ zar 1988, Sa´ nchez-Zapata 1999, Penteriani  et al. 
2001b). Cliffs may provide  suitable  cavities for nesting 
and dominant points from where to effectively proclaim 
territory   ownership.   Rugged  areas  probably   facilitate 
the use of slope winds by the owls, and more alternative 
roosts  and  nest  sites might  be also  available.  Accord- 
ingly, we recorded  156 observations of owls departing 
just before dusk and in windless days, 70% of which 
corresponded to owls gliding for distances  up to 1 km, 
probably  taking benefit of their low wing load (Norberg 
1987). Additionally, occupied cliffs were placed in areas 
with  lower  human  disturbance  than  unoccupied  cliffs, 
in  agreement  with  studies  of  breeding  habitat   prefer- 
ence on  other  raptors  (e.g. Sergio  and  Bogliani  1999, 
Martı´nez  et al.  1999, Sua´ rez et al.  2000). In  fact,  the 
power  of  prediction   of  the  variable  ‘‘relief’’  alone  is 
strong  for  occupied  cliffs,  but  notably   decreases  for 
unoccupied   cliffs  predicted   to  be  occupied   by  their 
topographic features.  This suggests that  human  distur- 
bance  is a constraint for  the  settlement  of the  owls in 
adequate   areas  as  expressed  in  terms  of  topographic 
irregularity.   Compared  to  other   large  raptors,   eagle 
owls have been said to be fairly tolerant  to human-re- 
lated  environmental alterations but  to  be  sensitive  to 
direct  human   persecution   (Dona´ zar  1988).  Thus,  our 
results probably  indicate that  they persist in safe breed- 
ing places free of systematic killing of adults,  which has 
been  reported   as  the  main  cause  of  mortality   in  this 
species in the  study  area  (Martı´nez  et al. 1996a). This 
constitutes  a  good  example  of  the  difference  between 
habitat   preference  and  habitat   availability,   since  our 
models  seem to  reflect factors  constraining  the  persis- 
tence of the owls rather  than  an active avoidance  of a 
given structural feature. Furthermore, the detected pref- 
erence  for  more  rugged  areas  do  not  necessarily  indi- 
cate  a  selection  process,  but  could  be  also  reflecting 
high  levels  of  direct  human   pressure  in  less  rugged, 
more  accessible localities (Sa´ nchez-Zapata et al. 1995). 
The probability of presence of the owls was positively 
related to the presence of other  territory  at this scale of 
investigation.  Clustering  of territorial animals  could be 
explained in two, non-exclusive ways. First, aggregation 
of  breeding  territories  could  result  from  the  clumped 
distribution  of  suitable  cliffs  for  breeding,  i.e.  those 
more  rugged  with  low  levels  of  human   disturbance 
(Dona´ zar  1987). Second,  eagle owls may  be cuing  on 
local environmental quality  by the presence of conspe- 
cifics, as  useful  way  to  assess habitat   suitability  indi- 
rectly (Stamps  1991, Muller  et al. 1997, Serrano  et al. 
2001). Independently of how individuals gather infor- 
mation on potential breeding patches, high breeding 
densities,  and  therefore  tolerance  to  close neighbours, 
have been previously  detected  in this territorial species 
(Penteriani  et al. 2001b). 
The variables ‘‘scrubland’’ and ‘‘minimum altitude 
above sea level’’ were the best predictors of eagle owl 
presence at both  the 25 and the 100 km2   scales (Tables 
2  and   3).  Nonetheless,   the  GLM   obtained   for  the 
foraging  home  range  of 25 km2   was noticeably  better 
than  the model built at the landscape  scale of 100 km2 
(Fig. 1). Eagle owls preferred  areas with high elevation 
above  sea level at the 25 km2   scale, while this variable 
entered  into  the  model  with  an  opposite  trend  at  the 
100  km2     scale.  Since  the  majority   of  the  occupied 
territories  were  located  far  from  littoral  areas,  where 
most  of the human  population concentrates, the direct 
relationship  between the presence of occupied cliffs and 
altitude within the available range of altitude probably 
indicates a preference of the eagle owl for areas where 
scrubland   is  the   main   land   cover  (Rigual-Margallo´ 
1984), as well as avoidance  of largely  disturbed  areas 
not  detected  by  our  GLMs.  At  the  broader   100 km2 
eagle owls preferred  low minimum  altitudes,  which are 
probably   associated  with  Mediterranean areas  at  the 
landscape  level. Although  ‘‘scrubland’’ is a broad  habi- 
tat  classification  (Rigual-Margallo´  1984),  both  scrub- 
land   and   minimum   altitude   are  probably   indicating 
selection of Mediterranean ecosystems with low bushes. 
Mediterranean  scrubland   is  the  preferred   habitat   of 
European rabbits  (Moreno  and Villafuerte 1995), which 
were  the  main  prey  of  the  owls  in  the  study   area 
(Martı´nez  et al. 1996b). This finding agrees with other 
studies focused on habitat  preference of raptors  feeding 
on  rabbits  (e.g.  Gonza´ lez et  al.  1990),  and  seems  to 
indicate  that  the  presence  of eagle owls is determined 
by the presence of the most profitable  prey at this scale. 
It should be noted that the relative preference of each 
habitat  at the two broadest  scales is substantially simi- 
lar.  It  has  been suggested  that  the  relative  importance 
of each environmental limiting  factor  could  be related 
to  the  scale of selection,  with  more  important  factors 
driving  preferences  at  the  broadest   scales (Rettie  and 
Messier  2000).  Accordingly,  our  results  showing  that 
selection  of Mediterranean scrubland  persists  over  the 
two  broad  scales suggests that  eagle owls’  distribution 
in our study area is mainly governed by the distribution 
of high  profitable  prey,  until  a threshold  at  which the 
owls  focus  their  selection  on  other  activities  such  as 
breeding site choice at a smaller scale. For  instance, our 
model at the nest site scale detected that  the probability 
of  occupancy  of  a  cliff increased  with  the  amount  of 
forest  cover,  contrary  to  previous  studies  indicating  a 
strong  relationship  between eagle owl presence and  the 
amount  of  open  areas  (e.g. Blondel  and  Badan  1976, 
Cheylan   1979,  Penteriani   et  al.  2001b),  and   to  the 
results  obtained   in  this  study  at  the  home  range  and 
   
landscape  levels. This finding seems to indicate that  the 
search  image of eagle owls at the smallest spatial  scale 
does not concentrate on habitat  features related to food 
supply, probably  because other elements related to 
breeding  and  roosting  requirements  (e.g. rugged areas) 
play a much more important role. Thus,  the process of 
habitat  selection of Eurasian  eagle owls might occur as 
follows: initially, individuals  assess general habitat  fea- 
tures  at  the  level  of  the  landscape   (Sva¨ rdson   1949, 
Hilde´n  1965) that  may be determined  by the existence 
of  good   foraging   areas.   Then,   Eurasian   eagle  owls 
would respond  to more specific attributes of the habitat 
in  determining   where  to  settle,  namely  an  area  with 
enough  trophic  resources with a centre of activity char- 
acterised by rugged relief adequate  for breeding and 
roosting. 
Eagle  owls  have  been  said  to  be  linked  to  good 
hunting    areas   near   the   nest   site   (Dona´ zar   1988, 
Sa´ nchez-Zapata 1999, Penteriani  et al. 2001b), and  to 
forage  mainly  in  a  2 km  radius  around   nests  (Haller 
1978). Nonetheless,  our  finding that  habitats  preferred 
by  rabbits  were not  included  in  the  model  for  7 km2 
around  the  cliffs may  not  support  the  hypothesis  that 
Eurasian  eagle owls hunt  necessarily  in the  vicinity of 
the  nests.  A  stronger   relationship   between  Eurasian 
eagle owls and structural features that  are good estima- 
tors  of  rabbit   presence  emerged  at  the  home  range 
scale.  This  finding  is  supported  by  the  results  of  a 
telemetry  study  by  Dalbeck  et  al.  (1998), who  found 
that  Eurasian  eagle owls visited frequently  patches  far 
from  their  nests,  and  by the  results  of Rohner  (1998) 
with the closely related  great  horned  owl Bubo uirgini - 
anus,  who  also  reported   that   owls  were  attracted to 
experimental  patches  of high prey abundance  far from 
the nests. Indeed,  in our  study  area  rabbit  populations 
have  dropped   dramatically as  a  consequence  of  viral 
diseases  and  human   hunting   pressure  (Martı´nez   and 
Zuberogoitia 2001).  Therefore,  the  pattern   of  habitat 
preference  observed  in  our  study  area  could  be  the 
result  of  long-term  changes  in  rabbit  abundance   that 
could have forced Eurasian  eagle owls to increase hunt- 
ing ranges  by visiting good  patches  over a larger area. 
In conclusion,  we obtained  the best models for habi- 
tat  preference  at  the  two  smallest  scales.  Eagle  owls 
seem to use undisturbed rugged areas at the breeding 
requirements  scale, while they used habitat  patches 
reflecting more accurately food supply at the broadest 
levels.  Thus,  the  factors   influencing  the  place  where 
large  raptors  settle could  involve at  least  two  primor- 
dial  scales with  respect  to  nest  site and  foraging.  Our 
study provides new evidence for the requirement  of 
different  spatial-scale  analyses  to  understand  popula- 
tion  limitations  arising from the complexity of ecologi- 
cal  processes   imposed   by  multi-scale   constrains.   A 
multi-scale approach may hence improve our under- 
standing of suitability and carrying capacity of the 
environment,  and  thus  the  individual’s  perception   of 
ecological pressures under which habitat selection has 
evolved. 
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Appendix  1. Variables  used to characterize  centres  of 
activity  at the 7, 25 and  100 km2   scales. 
Altitudinal difference, maximum  altitude–minimum 
altitude. 
Human  disturbance 
Unpaved  roads,  metres around  the cliff. 
Paved  roads,  metres around  the cliff. 
Distance  to nearest  unpaved  road,  in metres. 
Distance  to nearest  paved  road,  in metres. 
Distance  to the nearest  building,  in metres. 
Number  of buildings. 
Land  use (%) 
Forest 
Scrubland 
   Non-irrigated cultures 
Physiography 
Relief, measured  as the number  of 100 m contours  cut 
by four  lines starting  from  the centre  of the area  in 
directions  N,  S, E and  W. 
Maximum  altitude,  above  sea level. 
Minimum  altitude,  above  sea level. 
Average altitude,  (maximum  altitude+minimum 
altitude)/2. 
Irrigated  cultures 
Non-cultivated lands 
Salt marshes 
Gravel  pits 
Water 
Presence of conspecifics 
Neighbours,  presence (1) or absence (0) of other 
occupied  cliff in the circular  sampling  area. 
